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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a steel product 
having superior toughness in a HAZ (heat- affected zone). 

SOLUTION: The steel product superior in toughness of a 
weld heat-affected zone comprises, by mass%, 
0.03-0.18% C. 0.50% or less Si. 0.40-2.0% Mn, 0.02% or 
less P. 0.02% or less S. 0.6-4.0% Ni, 0.005-0,10% Nb. 
0.005-0.070% Al, 0.005-0.030% Ti, 0.0005-0.0050% Ca. 
0.0005-0.0070% N. 0.0005-0.0030% B. the balance Fe 
with unavoidable impurities. ENI which satisfies ENUO 
in a chemical equivalent expression of 
ENl=(%Ni)-18(%C)-36(%Nb)+1. and EN which satisfies 
-0.004sEN^-0.0005 in the chemical equivalent 
expression of EN =(%N)-0.292(%Ti)-1.292(%B): and 
further particles in the number of 100-3,000 pieces/mm^, 
which have circle-equivalent particle sizes of 
0.005-2.0 ^m. and such compositions as to contain at 
least Ca, Al, and O, and as to comprise 3% or more Ca, 
1% or more Al, on average mass% of elements except O, 
and the balance the other deoxidized elements and/or 
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(57) 

mm ^fifzHM^^^^'T^hmu^m^'t^o 

im^^m S*:56T% C:0.03-0.1856> Si:^0.505«. 
Mn:0.40-2.0)t. P: ^0.02)6. S:^0.0296> Ni:0. 6-4.0 
X. Nb:0. 005-0. 10)6. Al:0. 005-0- 070)6. Ti:0.005-0. 
030)6. Ca:0. 0005-0. 0050)6. N:0. 0005-0. 0070)6> B:0.0 
005-0.0030)6. ^^*L. nWtFe^ XXfT--^m^m.^ 
Ti-ib^rO. ENI=()6Ni)-18()6C)-36()6Nb)+l^^aSi?:lIi3 
v^TENI^O^illJSL. ;&^o, EN=()6N)-0.292()fri)-1.292 
()©) ^ ^ 1:^ U i=5 V ^ T-0. 004 ^ EN ^ -0. 0005 J£ 
RffiStS^gT&^O. 005-2. 0/zm-e^) or. 
LT^-Jt < ^ iCa. AU O^r-g-c!^. O^I^v^/ctc^ 
0¥i^Ss)6-C. Ca:mi±. Al :l)6i^±^^* «SB 

^i. e^-&100-3000Wiiin2^*'i-^?§Sl^f^#gC«? 




100 1000 
it&^^^Si ((i/mm2) 



10000 



1 

c : 0 . 0 3 - 0 , 1 8 % 
s i : ^ 0 . 5 0 % 

Mn:0. 40-2. 0% 

p : ^ 0 . 0 2 % 
s : ^ 0 . 0 2 % 

N i : 0. 6-4. 0% 
Nb:0. 005-0. 10% 
Ai:0. 005- 0. 070% 
Ti:0. 005-0. 030% 
Ca:0. 0005-0. 0050% 
N :0. 0005- 0. 007 0% 
B 10.0005-0.0030% 

ENI= (%Ni) -18 (%C) -36 (%Nb) + 
1 

4^'i>S*S:tCi3V>T ENI^O "km^L. f)^^. 
EN= (%N) -0. 2 9 2 (%Ti) -1. 292 

(%B) 

4^'?)a*^t::i3v^r -0. 0 0 4 ^EN^-0. 00 
05 ^SJEL. ^JbU. Rffl^S^-gT^^^O. 0 0 5- 
2. OfxmX-^^X. ffl^^ LT^^i< i:«>C a. A 
K 0^^^. 0«r^v^/::7C^<0Ti^Sl:%t:\ 
C a : 3 %tlJi 
A 1 : 1 %tX± 

^^i)-hti:^^lL^^^ ^t^Wil 0 0-3 0 0 OlM/mm 

[W*«2l gfi%-e. 

C :0. 03-0. 18% 
s i : ^0. 5 0% 
Mn:0. 40-2. 0% 

p : ^0. 0 2% 

s : ^0. 0 2% 

N i : 0. 6-4. 0% 

Nb:0. 005-0. 10% 

Al :0. 005-0. 070% 

T i : 0. 0 0 5-0. 0 3 0% 

Ca:0. 0005-0. 005 0% 
N 10.0005-0.0070% 

B :0. 0005-0. 003 0% 



C u 


^ 1 . 


0% 


V 


: ^0. 


1 % 


C r 


^0. 


6% 


Mo 


^0. 


6% 


Mg 


^0. 


0 0 5 0 



REM : ^0, 10 0% 
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2 

ENI= (%N i ) -18 (%C) -36 (%Nb) 4- 
1 

^^-^SiStli^v^T ENI^O ^iS/^L. :^^o. 
EN= (%N) - 0. 2 9 2 (%Ti) -1. 292 
(%B) 

^r'2)SSS:(Ci3V^r -0. 0 0 4^EN^-0. 00 

0 5 ^iffi/^L. ^h{Z^ Rffi^e^gT^^^O. 0 0 5- 
10 2. O/im-e^oT. LT^^^< .h ^> C a . A 

K 0S:#^. O4rl^v^/::7C^(;0¥*^K»%r% 
C a : 3 %\^X±. 

A 1 : 1 %i^:Ji± 

mS^t^h^^^m.!-^. ^t^^l 0 0-3 0 0 om/mm 
20 2. O/zm-e^oT. LT^^4'< t '{>C a, A 

c a : 3 %J-:j.± 

A 1 : 1 %\^X±. 

mat^h^^^hm.'f-i. m.=?-^\ 0 0-3 0 0 01@/mm 
[0 0 0 1] 

[0 0 0 21 

m«ltc, HAZ<0W1t'^O^*<>jSKL$4-*iL-rv^^o 

10 0 0 31 ±x»-Mn<r>mm<r)nKzmm~iiu u 

yL-1S*l±'(z&*3i^ibS:^<i)^o 4f^BB5 5-2 

6 1 6 4^^^^tira*$tT.^i9t;> fs^a^T iMit 

[0 0 0 4] tfz. !RfK¥ 3 -2 6 4 6 1 4 -f-<2:^T- 

50 ^m^tLxmmL. HA zo^^1^^r|6]±^^^• 
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3 

}t«?nrv^^o S #P¥4 - 1 4 3 2 4 6&f5 

[0 0 0 51 L^^^L^-^'Cj. TiS-fbl^ti, HAZ<7)T 
*.S]S^iJitj£S*"'l 4 0 0t:^^X'&i§«#^i:Olg# 

*9<0T% «Jl4|6]JiJ^*3»*ffi:TLTLiT tv^TMSd? 

[0 0 0 6] :^<r>m^:f^> vm>'i&m<r)Wi^i^^-r^^ 

ll«^3-^T*li, #5BBB6 1 -7 9 7 4 S-^^lr^^iRpggBa 
6 2 - 1 0 3 3 4 4-f-ii-#{-0lJ^?tfrv^-|, J; T (C, T 

[0 0 0 71 Z(r>mM\t. ^<^jai!*J-i5V^T^fc$5c^T 

[0 0 0 81 Li)^L^£i^h. z(r>xo^^T imit^am 

[0 0 0 91 -<0 5//m;a±Oi^ftt)li, «3t»<7)S^ig 
Lfc;*?or, $ e>^^HAZi9l4<0[6l±^jt^i-.5./c<6 

ut±> m.±it^-^m:'^mti)m^ ^\-< t i ^fti^ 

(0 0 101 i^^> COi^^rT iKfl:!^<7>^*'^«0^ 

T i mitm<r>m^. ^m.imm-t^^ t (tmrnx-i} 

eti:mmi-^zti>mmx'i>^o 
[0 0 1 1} ^<r>i^m. T imM<o^i,zxoXT iWLit 

[0 0 121 ^hiZ. ±.U^mSB6 1 -7 9 7 4 5-f-& 
A1»<^±ISS-, 0. 0 0 7%i:v^-9l^'^ic/^7i(,^ 
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[0 0 131 Z(r)X^^j:mmizMLX. #M¥6-2 9 

3 9 3 7-?-f?^(:j3V^T(i. T i f?stDitf^(-A 1 ^iJSSD 

Lx. z<nim\ix±iSi-r^T i -A m-tmmmm 

milAZm^i±^l,z\fl]±$^:hZt^milkXi,i>i)K 

^^mw. mt^cmmza^^xii. 2 o o k j/c 

10 mW.±, :^#v^4>0-et±l 0 0 0 k J/cm^>0?c>^ 

i>m^xm.(r>i^mmif>hixxiiy). j:i)-e<7)HAz 

[0 0 141 ^hiiz, mm^tii>muiz)i\.^xi>. 
\zw^iSi^m\:i)^^^^ixx^^^i,o Wxif, mmmmz 

20 miza^^x^. mm.^<n±miWMtsttii\z^ x^jt. 

^ o 

[00151 -mz. fli*toi«3ssft(i. mmvcmii^ 

l±N b J: ^.®JK|6]±-C*-i.o 
[0 0 161 L:«^L. Nb<7)li4l±, HAZa^tfOS 

30 m.imimm^'&tz<o\^x.. nAzmmi^^ <^T^ 
m^^nz>zt-h^x^tj:\,^o 

l0017]^vIT%ffi:Ce aitXW-^it. iSSift-fki" 
[0 0 18] 

[5IW35^<ffiS:Li d i1-^l*®l ^traaSG 2-1033 

4 4-^&«, #e§¥6 - 2 9 3 9 3 7 ■f-^^'i t't-IEffe 

'fb<07ti6(CNb «:?SiDL;tJ*'&T'*o-C^>, eEn;tHA 
Z«9tt«r|iai--S - 1 ^mt-fi,o 
[0 0 191 

[i»s*»ifei-^f>:i6o#^^l ±.%zmm.i 

m^-t^tztb. lft*Bf^L7t^*. ^S*ENI= (% 
Ni) -18 (%C) -36 (%Nb) + 1 , miV. 
EN= (%N) -0. 2 9 2 (%Ti) -1. 292 
(%B) iZii\,^X. EH I aXl/EHi. -eit-Tit, Wi 
50 ^OlEHtrJR*!). ;i>o, ^-f-&S[fk©JKi=^Ot£^g, 



-3- 



5 

[0 0 2 01 ^^mit^ ±lfi^^li*o*v>T3&^n;^c^) 

[0 0 2 1] (1) KS%T\ 
c : 0. 0 3-0. 1 8% 
S i : ^0. 5 0% 
Mn:0. 40-2. 0% 

p : ^ 0 . 0 2 % 
s : ^ 0 . 0 2 % 

N i : 0 . 6 - 4 . 0 % 
Nb:0. 005-0. 10% 
Al:0. 005-0. 070% 
Ti:0. 005-0. 030% 
Ca:0. 0005-0. 0050% 
N :0. 0005-0. 0070% 
B 10.0005-0.0030% 

ENI= (%Ni) -18 (%C) -36 (%Nb) + 
1 

^^^i^tcioi/^r ENI^O ^m^l.. t--^. 
EN= (%N) -0. 2 9 2 (%Ti) -1. 292 

(%B) 

^-i>ai^t^i5V>T - 0. 0 0 4 ^EN^-0. 00 
0 5 ^MJ£L. ^hK. Rffl^*4^^S;6^0. 0 0 5- 
2. 0 /mm-rr^oX. h Lr^^jfc < i: ^> C a . A 
I. O^^^^ 0*I^v^7^c7C^O^*^!gg%t:\ 
C a : 3 %&.±. 
A I : 1 %VX±. 

m.^i)-hti:hm.l''^. ST-S:l 0 0- 3 0 0 OlS/mm 

[0 0 2 2] (2) RS:%T% 
C :0. 03-0. 18% 
Si : ^ 0 . 5 0 % 
Mn : 0. 4 0-2. 0% 

p : ^ 0 . 0 2 % 

s : ^ 0. 0 2 % 

N i : 0. 6-4. 0% 
Nb : 0. 0 0 5-0. 1 0% 
Al :0. 005-0. 070% 
Tiro. 005-0. 030% 
Ca:0. 0005-0. 0050% 
N 10.0005-0.0070% 
B 10.0005-0.003 0% 

c u : ^ 1 . 0 % 
V : ^0. 1 % 
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C r : ^ 0 . 6 % 
M o : ^ 0 . 6 % 
Mg : ^0. 0 0 5 0% 
REM : ^0. 10 0% 

ENI= (%Ni) -18 (%C) -36 (%Nb) 4- 
1 

4^'i>a*^i::i5v^T EN 1^0 im^L. 
10 EN= (%N) - 0. 2 9 2 (%T i ) -1, 292 
(%B) 

^'5>^»S:Ui3V^r -0. 0 0 4^EN^-0. 00 

0 5 im^i.. ^h{z. v^mmii-'m^o, 005- 

2. 0//m-eafeoT. a)S;<h LT^^4^< <!:fcCa. A 
U Oi^^. 0S:!^v^/::7cmo^:^KS%T% 
C a : 3 %&s±. 
A 1 : 1 %\^X± 

mmt-hf£hi&=f'^. *iT-mi 00-300 oia/mm 

[0 0 2 31 ( 3 ) mrie ( 1 ) tfzit ( 2 ) 

0. 1-2. 0/.m-e*or. tt:^^^< ^ ^>c 
a. Au o^^<P5^. o^m^^fzitm<o^^^m%x-. 

C a : 3 %y.± 

A I : 1 %Jiy.± 

^%75-^b^^*4^^. *S^-ifcl 0 0 - 3 0 0 Ol®/mm 

50 2 - 1 im^t^hm^mi'mum^(o%fhfz 

[0 0 2 41 

■r^o *^ig#^b(iHAZi5li«:f^±$-ii:-i)^Sa^^ 

h^t^mix^fzo 

[0 0 2 5] mm^-:^7'±^ Yn^mmtir:^>fzib 

40 'f)^'Z^^X^ho t<r>^^t LX^i>^^±^j:^i[^t LT. 

S#<^^i6*ih*!)^:^fe;&^#x.^tt^o -etT. -^OJ: 

^t^-^^^^X^:ht^^hriX^^fZo 
[0 0 2 61 Li^-L^j:^^'h. T i Slt^^ii. 1 4 0 0 t: 

m^fzt^y)x^^o x^fzt^^x^ T imimx.^'^i^ 
50 €*sr-*^o 



7 

[0 0 2 7] ^fz. '^mi.^\~^^mwn%r?x-<n\i>-y 

[0 0 2 8] C<0J:^^«.a:3j>ic>, :^^m^im^t^<7) 

[0 0 2 9] mt^<7)i$.m^mi±^ <-ri^&<o-'^ 
[0 0 3 0] ^zx\ :^^m^hii. ^mimizmizm 
LA^L^^^^h. A \ f-ifxiimmi^^mm-ti>iz 

li^^»X$) 19 , ? t> A 1 J: "9 ^^^^Utk7cm-A^£' 

mX$,^o 

[0 0 3 1] *i§?g#(±. tt^itftos*. mm'pm?^ 

^tzo tlx. fSt^7tmtLX±iZCai'kA,fzmmi: 

C a ^ 3 %a±. Alii °/oi:X±^t-^:h Z t T% 

[0 0 3 2] zcD^^imz. m'piz-^t.ii^&.j-<r>m. 

ii'-^ < t C a , A 1 . Oi^^. OiW.^^fzTt 
mii^nt%x\ Ca : 3%W.Ji. A 1 : l%l'l±tL 

tZo 

[0 0 3 3] z(7)m. nu<r>mt^mft^i€m t lx. u 

mtl^^A 1 tC aOWHib-5>Mg*^vM±/iiJ;D'RE 
^^SWiCffiA-r-S. Si, Mn, T i ^t'cOA 1 J: 

[0 0 3 41 tf^-^^^ti^^^i&^-O:*:^^^ 
[0 0 3 5] ti^^O:*^^ ?^tt^'Mb$-ti-/cM^>t^ffl 

^^x. ^iM,mmLfzt^<r>:t-x7-±^ vu^^mm 

Izm^Lfzmm. \i.>~>y{zii, 1sk^<r>±h^t\^ 
T, 0. 0 0 5-2. 0 ftm<ni><ni!)^^^Xi>hZ.t.i 
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o#ti6. ^h\,Z^<r><^X^^ 0. 1-2. O/^mO^i: 

[0 0 3 6] ^<7)^*J: f). -£.^^*y^g^O. 005 
-2. 0;um, -eO't'-C-^). 0. 1-2. 0;um 

t LtZo 

[0 0 3 7] >k^z^ iiAzmmz'iL-m^j:\£>->ifm.^ 

<75lll5:(:ov^T^ft L fzo e^lli^^^^v^ij tm^^lS 
10 (±g^iltc=fc<), -^<0;t46, lll{;^-rj:dic, 
7>*^v-(5 t'H A Zi9tt;6^|pl±i--2>o 
[0 0 3 81 ^*tt-^*$tt^HAZfJ14(i, -?-<Offl 

tf tc5^|t#14**«^ Lv^ t fjn-E.iSSiS'^iSfl&ffl^l- 
iJv^r. izXf^m^mx.-ri>^^\,z^i^^fii>nAzm 
^ims.-t^tz>fy^z[t^ *i?-3gc(i, ^J'^^t< t 1 0 01H 

[0 0 3 9] *i^-(g:7i*3 O O Offl/mm^ ^rigx. 

^$tL^fgl4U(±tf L^*$T-ib^ Zt-f)^'^ii^':>fZo 
[0 0 4 01 \^fzi}^-oX^ ^%i)-':>€^Wtim.^mmLi. 

1 0 0-3 0 0 01@/mm2 t \^tZo 
[0 0 4 1] l.fm.\m^^<r)± i ? i3 i lfmWi.<r>m'm. 

aaiv7'u**ftssL, -f-tt^rm^^asiisnri 0 0 0 

01&r-2 OtlB^mJi. mSffiSt^LT 1 0 0 0 ;«m2 Jil 

30 M'm.-tho z<7)t^^ mt^u^ifimiEizmm'^mxi, 

[0 0 4 2] mm^^i±. mm^tum-r ^miz^i&-r 
zfn-->kmmt^^-ri>o mm., mm 

jtazasofg-Tti: ^>cT i -A 1 -c am.im 

-^kmm t ->xmm<r> t't>him^^xi>i)-tt>^j: 

[0 0 4 31 ^in. m^i^m-f-i>fuAi7.t\^x. m. 

[0 0 4 41 ^<oxo{zLxm'Pizmt<\}ii^^i 

a. mitmni-izx^}d>->vizx lomt^xmn^^zm 
mtL. HAzs'ttt'E-ftt-^v^ifijjii-^TS^, mmz. 

^mz^y,-Xii. ^\z^ l&TfffinU m#=fi.*i) (c^ 

50 ^±.iWT&-ti>ztimtztiifAS.^,t Lrmmsnjto 
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[0 0 4 5] wv^i%xn(±\ ^ io^MI^ 

[0046] Z(r>X^ J: mtWE.-^.^AZ±f&-r 

[0 0 4 7] ^^mmti. HAZa^cOg^iBfbl-J:-?.!)) 

l&^mX'&Wts J: y-'*2#Hfi *.T-0 7 :.i 7 ^' h cOfigiS $r 
[0 0 4 8] ^'c.lC, B<7)^iD^||<7)1S«^pffllZ|l|* 

-;?*J)D5<&*S:lS<6. »SHAZ<7)i5tt^:*:i|llC|fij±$-*, 

[0 0 4 9] T i mmmxit^ t i tti<r>mMtitmib 

I12tc^1-ri:<. HAZS5tt(±. EN= (%N) 
- 0. 2 9 2 (%Ti) - 1. 2 9 2 (%B) ^^S* 
^T'J: <S31T"#, ^ittds r-0. 0 0 4- 0. 0 

0 0 5J co«H{z*tuf, ^(r>mimi^t^miii^^<. 

[0 0 5 0] C<oafiM7i^-0. 0 0 4*ii(7)t#'^(±. 

ifjnoT, HAz«ji4(i^ft-r-5o ■(fi:^r, -o. ooo 

[0 0 5 11 ±fE^1^{cJ: S i -Mnait::i3 

[0 0 5 2J -g-nii, Si^t^rjei^a-fbi-**-^, ±JEL 

^<b^v^;ti6, Ce q tCg^S^S.!?? ^v^SSaTC^T** 
-i>Nb *jiSDL^It*xlf^'iiv»d^ NbOj^iDifcli 

[0 0 5 3] -?-C-C% Jf:^?g#(±. $c>t-, Nbr^DD^ 

X'^y[Azm^tmhit^^mm.=&.miLfzo t-r. 

HAZS9l40fiTOJIHUov^T#^P^L^c^«, H 
AZ«!li4oeT*«> HAZa^fpOti|^Vi7'f h*»N 

[0 0 5 41 ^ZX. >k^Z^ ^<7>gtttfifcje<7)je*J-;t 19 
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70 

*L;L-*g*. Si*(CN i ^0. 6%JiiLJi}3^flD-t-2> C 

<r>m\:\^tzm.^y -i v<oWirfWmi-1ii)m±.Lx. 

fiSHe.^f t-ifc t9Cl<<^l9, HAZ iSttOf&TA^PpgJ $ 
ilhZti:M.^Ltzo 

[0 0 5 51 Zixli. Vt^-f)'hmt>ixX\'^Z,li iiZXh 

i&miz-yjti^ immzx'oi^i.^'t^ztx. mmizn 
ife?^#75'~N b mmm i- n i ^ o . 6 %&.±mM Ltzzt 

JO izj^iQ . ^et>x^tiiLfzi><7)X'i>^o 

[0 0 5 61 Sf>tC, ^Wy:jL^^ KO??!§(iNb<^)?^ 
MSiz^^^i^lmir^zbTi^h. N i <r)?^infi^Nb<7)?^ 

tat.\zm^mm^-^^£iffni. ^KAzmm^-otzif) 

iz£-^fj:m.^?^mj£-tlim-t^ C t i±T-# ^v>>l 
[0 0 5 71 -etr. -e-O^mi, NbiSJPS3 6U*t 

m.wy^y^ h * n ^ , HAZ m^A^T-r 

^ o 

20 [ 0 0 5 8 1 § ?3 7 7 h 75»mi4ffiite 

5>^ ^hiz^ u imimwmija-ri>ztiz 

^10. z(Dmitmmm»mtLnAzmii.i&Ti:m\ 

-ri>zti>^ibLfzo 

[0 0 5 91 tLx. mitmN imwzxiom^it^ 

•^^IZli^ ClttPSl 8 {Zi4-LT iJJIiON i '£-Sr'* 

^zt^m^±tt>fzo 

[0 0 6 01 i':X±(D^f^i^ Mt.^ : N i c», n 

30 bituAzmiSEt(Dmmx-^mLfzmM. mstc^-r 

XoiZ, Ni, C, NbS**, ENI= (%N i ) -1 

8 (%C) -36 (%Nb) + 1 ICiJV^T ENI^O 
^?SJ£-r^t. HAZmii.<r>^T^mx.hit^ MHA 

[0 0 6 11 -r^:t>*>, CO^4fl[*«0*?B-e**tff, 

N i C0^**«+^T-|±^ < . C{ZXi,mit^(DU±1t. 

axry/ttziU nhizi,y)mtLfzi&.^y i-y^ Y-h^ 
40 [0 0 6 21 'At-. ^^m<r>m^i^^m.m<r)m.'&mmz 

[0 0 6 31 C(±, Si<^)aSJS*rl6]±§-»i:^*^6^fig&t 
LTTESrO. 0 3%i:L. i§jBI<7>?^.»nl±. 
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